In criminal investigations, there are three stages involved when studying bloodstains: search and orientation, confirmation, and individualization. Confirmatory tests have two aims: to show that the stain contains a human biological fluid and to confirm the type of biological fluid. The need to determine the nature of the evidence is reflected in the latest bibliography, where the possibility of employing mRNA and miRNA markers for this purpose is proposed. While these new proposals are being investigated, the kits for determining human hemoglobin currently provide a simple solution for resolving this issue. With these kits, the possibility of obtaining false positives and false negatives is well known. However, recently, a new problem has been detected. This involves the interference caused by new cleaning products that contain sodium percarbonate (or active oxygen) when determining human hemoglobin. With the aim to resolve this problem, this work studied the ability of the human glycophorin A test to determine human blood in samples that have been treated with active oxygen. Our results show that the human glycophorin A test has a greater resistance to the destructive effect of the new detergents containing active oxygen; consequently, it provides an alternative to be taken into consideration in the confirmatory diagnoses of bloodstains.
INTRODUCTION
In criminal investigations, there are three successive stages involved when studying bloodstains: search and orientation, confirmation, and individualization [1] . The first stage involves tests, called presumptive tests, which are responsible for locating latent remains and providing some preliminary information on the possible blood content of the sample. The second stage consists of establishing the origin of the stain. The question to be answered here is: Is this really a human stain? Confirmatory tests have to be undertaken for two reasons:
1. To show that the stain contains human biological fluid. By undertaking this test, one can avoid performing a lengthy and expensive genetic analysis on stains that may appear to be blood, but are not. 2. To confirm the type of biological fluid that has been found. Clearly, biological samples are destined for genetic analysis, but to discover the type of fluid under consideration, it is also essential to reconstruct and understand the events.
The need to determine the nature of the evidence is reflected in the latest bibliography that includes interesting studies on the possibility of employing mRNA [2, 3] and miRNA markers [4] for this purpose. Other procedures, although still being researched, are evaluating the use of RAMAN spectroscopy as a simple and nondestructive alternative to discovering the origin of the sample [5, 6] While these new proposals are being investigated, the kits for determining human hemoglobin currently provide a simple and rapid solution for resolving this issue. In addition, they only require a small amount of sample that can be reused in the later genetic analysis [7] . In general, they are less sensitive than the presumptive test, although more specific. The possibility of obtaining false positives (by cross-reaction) and false negatives (caused by low concentration of blood in the sample or, on the contrary, by an excessively high concentration that generates the known -hook effect‖) is well known [7, 8, 9] .
However, recently, a new cause of error has been added. This involves the interference caused by new cleaning products that contain sodium percarbonate (also known as active oxygen) when determining human hemoglobin. Stains that contain an appreciable amount of blood have clearly been shown to provide a negative result to the test after being washed with this type of product, even though they remain visible [10] . However, in 2010, an article showed that the washing of bloodstains with active oxygen does not impede DNA analysis [11] .
It is necessary, therefore, to look for an alternative to the hemoglobin kits in order to resolve this problem. Since 2008, a kit has been available for determining human glycophorin A 1 that, according to the studies published so far, is effective at diagnosing human blood [12, 13, 14] .
This work aims to evaluate the ability of that protein to determine human blood in samples that have been submitted to the effect of active oxygen. For this purpose, the following experimental procedure was designed.
MATERIALS AND METHODS

Materials
 Supports for bloodstains (white cotton fabric)  Human blood (newly extracted blood with no preservatives) 
Reagents
Test 1
Sample Preparation
Bloodstains were prepared using newly extracted blood via venipuncture, obtained from volunteers. No preservatives were added. Stains were made on pieces of white cotton fabric of approximately 5  5 cm. Each stain was made with three drops of blood. Having made the stains, they were left to dry over 24 h at room temperature, without any protection whatsoever.
Once dry, the stains were divided into four groups -A, B, C, and D -that were submitted to the following treatments:
 A Samples -Washing with a detergent containing active oxygen 2 following the manufacturer's instructions for hand washing. The fabric was left in hot water (at 40ºC), with the cleaning product for 2 h. It was then rinsed in running water and left to dry for a day. Figs. 1 and 2 show one of the bloodstains, before and after washing.  B Samples -Washing with active oxygen and in cold water for 2 h. It was then rinsed in running water and left to dry. These samples were used to determine possible differences in the results obtained from those using the product in hot water.  C Samples -Washing in hot water (at 40ºC) for 2 h, without using detergent, in order to determine the possible influence of water temperature on test results. As with samples A and B, they were left to dry for 1 day.  D Samples -These were not washed. They were used as control samples.
Each stain was then divided, using sterile scalpels, into four equal portions. One was used for the luminol test, another for the Bluestar Forensic test, and the other two were used for undertaking the human hemoglobin and glycophorin A tests. The procedures for carrying out the tests were as follows:
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 Luminol test -Luminol solution was prepared in accordance with the Grodsky formula [15] .
This was performed in a darkroom. The reagent was then sprayed onto the stain.  Bluestar Forensic -The reagent was prepared following the manufacturer's instructions
911
The two tests (luminol and Bluestar Forensic) were undertaken on stain groups A, B, C, and D (as positive control) and also on support pieces (white cotton material) without stains (negative control). Tests were considered positive when the luminescence was observed a few seconds after applying the reagent.  Human hemoglobin test -The Hexagon OBTI test kit, widely used in forensic laboratories, was used. The test was performed following the manufacturer's instructions 4 . The result was regarded as positive when, as stated in the manufacturer's instructions, the blue test line (indicating the positive result) formed in the first 5 min following the beginning of the test. Negative results were confirmed at 10 min.  Human glycophorin A test -The RSID-Blood test was used for human glycophorin A determination. Samples were tested according to the RSID-Blood protocols
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. Only the proportion between the amount of blood and the blood running buffer was changed, in such a way that instead of mixing 20 µl of sample with 80 of buffer, the proportion was 50%. This change was introduced with the aim of reducing the dilution of the sample. The result was regarded as positive when, as stated in the manufacturer's instructions, the red test line (indicating the positive result) formed in the first 10 min following the beginning of the test. Negative results were confirmed at 20 min.
In total, 50 stains of each type (A, B, C, and D) were processed.
Test 2
Blood solutions (concentration 1:50, 1:100, 1:200, 1:400, 1:600, 1:800, 1:1000, expressed in milliliters of blood per total milliliters volume) were prepared using newly extracted blood, obtained from volunteers via venipuncture. No preservatives were added.
Stains were prepared from each of the solutions, following the same procedure as described in test 1. Samples A, B, C, and D were submitted to luminol, Bluestar Forensic, human hemoglobin, and human glycophorin A tests, as described in test 1.
Test 3
In this case, the stains were obtained following the procedure described in test 1 from undiluted blood. To evaluate the effect of different concentrations of the detergent, different solutions of sodium percarbonate were prepared, as this chemical compound is the main active agent of the product. The concentration of the sodium percarbonate solution was calculated from the information stated on the detergent label (Neutrex™). This involved:
 Amount of product recommended for hand washing: 80 g of detergent for 4 l of water.  Sodium percarbonate concentration: 30%.
To wash the stains, an initial solution was prepared by diluting 0.3 g of sodium percarbonate in 50 ml of distilled water (solution concentration, 2  10 -2 M). By doing so, a reagent concentration equivalent to that of the original product was obtained.
From that base solution (hereafter referred to as 1/1), other diluted solutions were prepared to concentrations of 1/50, 1/100, 1/200, 1/400. The stains were washed following the procedure described in test 1, but substituting the detergent for percarbonate solutions.
Samples A, B, C, and D were submitted to the same tests (luminol, Bluestar Forensic, human hemoglobin, and human glycophorin A test) as described in test 1.
Again 50 stains of each type were processed (A, B, C, and D).
RESULTS AND DISCUSSION
The results of each test are summarized in Tables 1-5 (Appendix). Here a positive test is represented as -++‖ when the reaction is intense and as -+‖ for a low-intensity reaction; a negative test is represented as --‖.
On the data obtained in each test, the following should be borne in mind.
Test 1
From the results for the A, B, C, and D samples, which are summarized in Table 1 , it can be deduced that:
 All the A samples processed (washed with sodium percarbonate, 40ºC) have provided negative results for the luminol, Bluestar Forensic, and human hemoglobin tests. Only the human glycophorin A test gave positive results on all the stains from this group. Consequently, washing with active oxygen interferes in the orientation tests, as well as in determining human hemoglobin by means of the Hexagon OBTI test.  All the B samples processed (washed with sodium percarbonate, cold water) have provided positive results for all the tests undertaken with the exception of the human hemoglobin test. To correctly interpret these results, it is important to point out that the product with active oxygen does not dissolve easily in cold water. Only by agitating the solution can a partial dissolution be achieved. Consequently, it is to be expected that it is not as effective as when used following the manufacturer's instructions (water at approximately 40ºC).  For the C samples (water 40ºC), all results are positive, so it may be deduced that washing in hot water does not reduce the efficacy of the tests undertaken. These data strengthen the hypothesis that active oxygen is responsible for the negative results obtained in the A samples.  The D samples, used as controls, provided positive results for all tests.
Test 2
The data for A and B samples are summarized in Tables 2 and 3. Given that the results for C and D samples are all positive, it was not considered necessary to include a table for them. From the data obtained, it should be noted that: after washing. The human hemoglobin test was negative in all B samples. Again, it is important to point out that the product with active oxygen does not dissolve easily in cold water. Only by agitating the solution can a partial dissolution be achieved. Consequently, it is to be expected that it is not as effective as when used following the manufacturer's instructions (water at approximately 40ºC).  For C samples (water 40ºC), all results were positive, so it can be deduced that washing in hot water does not reduce the efficacy of the tests employed, not even when blood concentration is low.  D samples, used as controls, provided positive results for all tests.
Test 3
The results for A and B samples are summarized in Tables 
CONCLUSION
From the results obtained, it may be concluded that human glycophorin A is an effective marker for identifying human blood. In comparison with hemoglobin, glycophorin A shows greater resistance to the destructive effect of the new detergents containing active oxygen, so providing an alternative should be taken into consideration in the certain diagnoses of bloodstains.
Perhaps the different function of both proteins (hemoglobin is able to break down hydrogen peroxide, but that is not a function of glycophorin A) could explain the different resistance to the -active oxygen effect‖. However, to be able to confirm this hypothesis, more studies must be made. 
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APPENDIX
Luminol - - - - - - - - Bluestar Forensic - - - - - - - - Human hemoglobin test (Hexagon OBTI test) - - - - - - - -
